STS-1 operational flight profile.  Volume 4:  Onorbit profile-cycle 3.1.1 by unknown
mFM-Io 
~uprsedes 78-FM-51, Rev. 1) 
Val. IV 
STS-1 
Operational Flight Profile 
JSC-16683 
(Supersedes JSC-14483). 
Volume IV 
Onorbit Profile - Cycle 31.1 
Mission Planning and Analysis Division 
July 1980 
Natronal Aeronautrcs and 
Space Administration 
Lyndon 6. Johnson Space Center 
Hous!on. Texas 
https://ntrs.nasa.gov/search.jsp?R=19800022939 2020-03-21T17:35:26+00:00Z
80FM40 : IV 
80 -FM-40 
(Supersedes 78-FM-51, Rev. 1 ) 
V O l .  I V  
SHUTTLE PROGRAM 
STS-1 
OPERATIONAL FLIGHT PROFILE 
VOLUME LV 
ONOREIT PROFILE - CYCLE 3.1.1 
By F l i g h t  Planning Branch 
/ 
Approved : 
Kenneth Yow, CKi 
F l i g h t  Planning Br%!h 
0 e 
.I 
L 
Approved :& d:; a  
ona d Berry, t,hief 
Piss iof l  Planning and Analys is  Di?iaion 
Mission Pianning and Analysis ? i v i s i o n  
National Aeronautics and Space Administration 
Lyndon B .  Johnson Space Center 
Houston, Texis 
July 1980 
JSC- 1 668 3 
(Supersedes JSC-14483) 
80FM4O : I V  
ACRONYMS 
AOA 
AOS 
CTPD 
DTO 
EAFB 
E1 
EST 
ET 
FSSR 
8 
GET 
GMT 
GRTLS 
GSTDN 
10s 
KSC 
LOS 
MECO 
OFP 
OMS 
PST 
PEG 
RCS 
RTLS 
SRB 
abort once around 
acqu i s i t i on  of signal 
C r e w  Training and Procedures Divis ion 
detailed test ob jec t ive  
Edwards A i r  Force Base 
en t ry  i n t e r f a c e  
eas te rn  standard time 
ex te rna l  tank 
func t iona l  subsystem software requirements 
g rav i ty  
ground elapsed time 
Greenwich mean time 
glide RTLS 
Ground Spacef l igh t  Tracking and Data Network 
Indian Ocean Site ( A i r  Force t racking  Site) 
Kennedy Space Center 
l i n e  of s igh t ,  loss of s i g n a l  
main engine cu to f f  
opera t iona l  f l i g h t  p r o f i l e  
orbital  maneuvering system 
Pacific standard time 
powered e x p l i c i t  guidance 
react jon cont ro l  system 
returr. -to-launch si te 
s o l i d  rocket booster  
iii 
80FM40 : I V  
STS-1 Space Transportation System-1 
TAEM terminal area energy management 
z-LV Z-axis local vertical 
iv 
80FM40 : IV 
CONTENTS 
Sec t ion  Page 
1 .o INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  1 
2 .o FLIGHT DESCRIPTION . . . . . . . . . . . . . . . . . . . .  1 
2.1 ASCENT.......................... 2 
2.2 ONORBIT . . . . . . . . . . . . . . . . . . . . . . . . .  3 
. . . . . . . . . . . . . . . . . . . . . . . . .  2 .3  DESCENT 4 
3 -0 ASSESSMENT OF FLIGHT REQUIREMENTS COMPLETION . . . . . . .  5 
4 .c REFERENCES . . . . . . . . . . . . . . . . . . . . . . . .  5 
APPENDIX A - ONORBIT TRAJECTORY DATA (SUPER TAPE) 
(To be published i n  July  1980) . . . . . . . . . . . . .  A - I  
APPENDIX B - ONORBIT TRAJECTORY AND ATTITUDE DATA 
(To be published i n  October 1980) . . . . . . . . . . . .  B-1 
V 
80FM40 : IV 
TABLES 
Table Page 
I STS-1 OFP DOCUMENT PUBLICATION SCHEDULE . . . . . . . . .  
I1 SEQUENCE OF EVENTS . . . . . . . . . . . . . . . . . . . .  
I11 STS-1 BETA ANGLE AS A FUNCTION OF LAUNCH DATE . . . . . .  
IV STS-1 LAUNCH WINDOW SUMMARY . . . . . . . . . . . . . . .  
V DEORBIT OPPORTUNITIES 
VI 
(a) EAFB . . . . . . . . . . . . . . . . . . . . . . . .  
(b)  KSC . . . . . . . . . . . . . . . . . . . . . . . . .  
(d) Hickam . . . . . . . . . . . . . . . . . . . . . . .  
(e) Kadena . . . . . . . . . . . . . . . . . . . . . . .  
( f i  Rota . . . . . . . . . . . . . . . . . . . . . . . .  
( c )  Northrup Strip . . . . . . . . . . . . . . . . . . .  
DETAILED MANEWER DISCRIPTION 
(a )  OMS.3 . . . . . . . . . . . . . . . . . . . . . . . .  
(b)  0 ~ - 4  . . . . . . . . . . . . . . . . . . . . . . . .  
7 
8 
9 
10 
11 
12 
13 
14 
15 
l b  
17 
18 
vi 
80FM40 : IV 
FIGURES 
Figure 
1 
2 
Page 
Nominal groundtrack 
(a) Orbits 1 through 5 . . . . . . . . . . . . . . . . .  
(b) Orbits  6 through 10 . . . . . . . . . . . . . . . .  
(c)  Orbi t s  1 1  through 16 . . . . . . . . . . . . . . . .  
(d) Orbits 17 through 21 . . . . . . . . . . . . . . . .  
( e )  Orbits 22 through 26 . . . . . . . . . . . . . . . .  
( f )  O r b i t s  27 through 32 . . . . . . . . . . . . . . . .  
(g) Orbits  33 through 37 . . . . . . . . . . . . . . . .  
Nominal event timeline . . . . . . . . . . . . . . . . .  
19 
20 
21 
22 
23 
24 
25 
26 
v i i  
80FM40 : IW 
1 .O INTRODUCTION 
The o r b i t a l  flight test (OFT) phase of t h e  S h u t t l e  Program c o n s i s t s  of four or- 
b i t a l  flights beginning in November 1980 and continuing through 1981. The major 
purpose of the  OFT program is to  demonstrate and ve r i fy  S h u t t l e  s y s t e m  arrd 
f l i g h t  capabilities by s a t i s f y i r g  t h e  OFT requirements as presented i n  reference 
1. 
This document presents  the onorb i t  port ion of  the  opera t iona l  f l ight p r o f i l e  
(OFP) f o r  t h e  first Space Transportat ion System-1 (STS-1) f l i g h t  and supersedes 
the  STS-1 f l i g h t  p r o f i l e  information presented i n  reference 2. This  onorb i t  doc- 
ument (volume I V )  is one i n  a series tha t ,  taken together ,  w i l l  def ine  t h e  STS-1 
OFP. This  OFP onorbi t  document represents  a combination o f  the STS-1 groundrules 
and cons t r a in t s  and the  i n i t i a l i z a t i o n  data presented in re ference  3. 
STS-1 f l i g h t  requirements are presented i n  reference 4. 
sedes the Operational F l igh t  P r o f i l e ,  Cycle 3 (ref. 2). 
The 
This document super- 
The STS-1 f l i g h t  a c t i v i t i e s  described i n  t h i s  document reflect the t r a j e c t o r y  , 
consumable, crew a c t i v i t y ,  and f l i g h t  requirement base l ines  as of  May 1 ,  1980. 
Detailed analyses  of  the a scen t ,  descent ,  and abort phases w i l l  be provided as 
separa te  volumes of t h e  OFP (refs. 5 ,  6, and 7 ) .  
Questions concerning the  information presented i n  t h i s  document should be 
directed t o  Larry Davis (483.4401 1. 
A l l  t h e  STS-1 OFP documents and t h e i r  scheduled d i s t r i b u t i o n  dates are l i s t e d  i n  
table I. 
2.0 FLIGHT DESCRIPTION 
The STS-1 w i l l  be a 54.5-hour f l i g h t  launched from Kennedy Space Center (KSC) on 
November 30, 1980 a t  11:50 Greenwich mean time (GMT). 
achieved i n  a 150-n. m i .  c i r c u l a r  o r b i t  with a 40.3-degree inc l ina t ion .  T h i s  
o r b i t  w i l l  be achieved by two o r b i t a l  maneuvering system (OMS) maneuvers, 
OMS-1 (ground elapsed time (GET) = OO:lO:32) and OMS-2 (GET = 00:45:52). The 
OMS-1 maneuver w i l l  occur sho r t ly  after ex terna l  tank (ET) separa t ion  w i t h  t he  
OMS-2 maneuver occurring a t  the  apogee of the  o r b i t  r e s u l t i n g  from OMS-1. The 
payload bay doors w i l l  be opened as early as poss ib le  on day 1.  The Orbi te r  
w i l l  be placed i n  a X-POP, Z-LW ( w i n g  i n t o  t h e  ve loc i ty  vec tor )  a t t i t u d e  f o r  
most of t h e  STS-1 f l i g h t .  
ments ( f l i g h t  test requirements, i n e r t i a l  measurement u n i t  al inement,  etc. ) pre- 
c lude t h i s  Z-LV a t t i t u d e .  
t h e  f l i g h t  t o  s a t i s f y  f l i g h t  test  objec t ives .  
f p s )  w i l l  be  performed following the  deorb i t  rehearsal on day 2 a t  GET = 
30:59:50. The OMS-4 maneuver (delta-V = 20 f p s )  w i l l  be performed approximately 
30 minutes after t h e  OMS-3 maneuver a t  GET = 31:29:50. Both of these OMS maneu- 
vers  w i l l  be performed out of plane w i t h  t h e  Orbiter remaining i n  a 150-n. m i .  
c i r c u l a r  o r b i t .  Deorbit (GET = 53:30:44) w i l l  occur on December 2. Nominal 
landing w i l l  occur on runway 23 'u r ing  a descending pass ( o r b i t  37) t o  Edwards 
The flight test w i l l  be 
T h i s  a t t i t u d e  w i l l  be maintained unless  o the r  require-  
Two o r b i t a l  OMS maneuvers w i l l  be  performed dur ing  
The OMS-3 maneuver (delta-V = 20 
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Air Force Base (EAFB). 
a.m. P a c i f i c  standard time (PST)). 
The GET f o r  the  nominal landing w i l l  be 54:31:00 (10:21 
A de ta i led  sequence of events  of a l l  major events  from lift-off through landing 
is presented i n  table 11. 
2.1 ASCENT 
The S h u t t l e  w i l l  be launched from KSC (pad 398) at  11:50:00 GMT (6:50 a.m. east- 
e r n  standard time (EST)) on November 30, 1980. 
the  opening of the window based on l i gh t ing  c o n s t r a i n t s  for an abort-once-around 
landing a t  Northrup S t r i p .  
determining the  closing of the launch window: 
This launch time corresponds t o  
The following c o n s t r a i n t s  were considered i n  
a. A l l  landings shall be no earlier than s u n r i s e  -15 minutes or no later thari 
sunset +15 minutes. 
b. No landings w i l l  be scheduled t o  occur when the  Sun azimuth is .loo of t h e  
runway heading and Oo t o  20° e leva t ion .  
c. The end-of-mission beta must be less than 600. 
Table I11 summaries the beta angles as a funct ion of the launch date. 
nominal November 30 date, launch can occur as late as 9:25 EST (14:25 GMT) 
without v i o l a t i n g  the  60° end-of-mission beta angle cons t r a in t .  
November 30 launch, t h i s  beta angle c o n s t r a i n t  determines the window closing 
time and launch window of 2 hours and 35 minutes. The r e s u l t a n t  launch windows 
f o r  each month of the  yea r ,  considering the above c o n s t r a i n t s ,  are summat :zed i n  
table I V .  
For the  
For the nominal 
The ascent  t r a j e c t o r y  for STS-1 was generated using the space veh ic l e  dynamics 
sLmulation computer program. The six-degrees-of-freedom simulation incorporates  
( 1 )  t r a j e c t o r y  shaping ( l o f t i n g ) ,  (2) main-engine t h r o t t l i n g ,  and (3)  wind 
btasing t o  reduce aerodynamic loads and maintain a maximum dynamic pressure (max 
c,) of approximately 580 lb / f t2 .  
The launch azimuth is 66.96O, measured p o s i t i v e  clockwise from the north.  
Lif t -off  from KSC occurs a t  0.3 second after s o l i d  rocket booster (SRB) igni-  
t i o n ,  a f te r  which a v e r t i c a l  rise t o  tower clearance phase is i n i t i a t e d ,  ending 
a t  a relative ve loc i ty  of 107 fps  (GET = 7.5 seconds). After tower clearance,  
a coc t ro l l ed  pitchover program is i n i t i a t e d  t o  achieve main engine cutoff  (MECO) 
targets whi l e  reducing aerodynamic loads. A max q of 575.6 l b / f t 2  is achieved 
a t  a GET of 52.8 seconds (geodetic a l t i t u d e  24 335 feet, alpha -3.8, beta 0.1, 
Earth-relat ive ve loc i ty  1036.2 f p s ) .  
132.0 seconds GET. After SRB staging, the main engines continue a t  100 percent 
rated t h r u s t  l e v e l  u n t i l  an acce le ra t ion  of 3g is a t t a i n e d ,  after which the  
engines are t h r o t t l e d  t o  maintain a constant  3g accelerat ion.  
steering, using the  powered e x p l i c i t  guidance (PEG) simulat ion,  is i n i t i a t e d  
after SRB s taging and is targeted t o  an i n c l i n a t i o n  of 40.3O, a rad ius  ot' 
2i 29C 308 feet (60 n. m i .  above a sphe r i ca l  Earth with a r ad ius  of 
An SRB separat ion sequence is i n i t i a t e d  a t  
Closed-loop 
2 
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3443.9336 n .  mi.), a ve loc i ty  of 25 668 f p s ,  a f l i g h t p a t h  angle of  0 . 5 O ,  and a 
descending node o f  142.0%. A t  18.0 seconds af ter  MECO, s t r u c t u r a l  s epa ra t ion  
from the ET occurs ,  and a r eac t ion  c o n t r o l  system (RCS) -2 t r a n s l a t i o n  separa- 
t i o n  maneuver is i n i t i a t e d .  Th i s  maneuver takes 6 seconds and r e s u l t s  i n  a -Z 
delta-V component of  approximately 4 f p s .  
The ET is j e t t i s o n e d  on a s u b o r b i t a l  t r a j e c t o r y  tha t  r e s u l t s  i n  a nominal impact 
i n  the Indian Ocean. 
Two seconds after the -2 t r a n s l a t i o n  maneuver is complete, a +Y t r a n s l a t i o n a l  
evasive maneuver is i n i t i a t e d .  
a +Y delta-V component of  approximately 4 0s. 
This maneuver is 24 seconds long and r e s u l t s  i n  
OMS-1 i g n i t i o n  occurs 132.0 seconds (Gm = 00:10:32) after s t r u c t u r a l  s epa ra t ion  
of t he  ET. 
of 912 500 feet ,  which is biased from 150 n. mi. to compensate for 5-2 effects. 
The PEG model is targeted inplane to  an o r b i t  w i t h  apogee a l t i t u d e  
Upon completion o f  the 204 f p s  OMS-1 burn, the r e s u l t a n t  o r b i t  has an apogee al-  
t i t u d e  of 151 n. m i .  and a perigee a l t i t u d e  of approximately 57 n. mi. r e l a t i v e  
t o  an o b l a t e  Earth. 
The second OMS i g n i t i o n  occurs near o r b i t a l  apogee a t  00:45:52 GET. 
delta-V bum p laces  the  Orbi te r  i n t o  a nea r -c i r cu la r  o r b i t  of approximately '150 
n. m i .  above the  s p h e r i c a l  Earth r a d i u s .  
The 167 f p s  
2.2 ONORBIT 
The STS-1 o r b i t a l  ope ra t ions  phase is i n i t i a t e d  a t  t h e  completion o f  t h e  OMS-2 
mzneuver (GET = 00:47:22) and terminates  a t  d e o r b i t  i g n i t i o n  (GET = 53:30:44). 
Day 1 of  t h e  STS-1 f l i g h t  is concerned pr imari ly  with configuring the v e h i c l e  
f o r  onorbi t  operat ion (i  .e., opening payload ray doors,  reconfiguring sof tware,  
IMU alinements) .  The primary a c t i v i t y  schedule f o r  day 2 is d e o r b i t  rehearsal. 
Two o r b i t a l  OMS maneuvers w i l l  be performed during t h e  f l ight t o  s a t i s f y  f l i g h t  
test ob jec t ives .  The OMS-3 maneuver (delta-V = 20 f p s )  w i l l  be performed follow- 
ing the deorb i t  rehearsal on day 2 a t  GET = 30:59:50. 
Cdelta-V = 20 f p s )  w i l l  be performed approximately 30 minutes after t h e  OMS- 
3 lcaneuver a t  GET = 31:29:50. Both of these OMS maneuvers w i l l  be performed 
o u t  of plane w i t h  the Orbi te r  remaining i n  a 150-n. m i .  c i r c u l a r  o r b i t .  
The OMS-4 maneuver 
The f inal  day of  f l igh t  is concerned wi th  p repa ra t ions  f o r  d e o r b i t  and landing. 
Seve ra l  de t a i l ed  test o b j e c t i v e s  (DTO) are scheduled f o r  completion during the  
o r b i t a l  phase of  STS-1. 
crew-related a c t i v i t i e s  is not presented i n  t h i s  document s i n c e  the crew a c t i v -  
i t y  plan t o  be publ ished by the Crew Training and Procedures Division (CTPD) i n  
October 1980 is t h e  o f f i c i a l  source f o r  these types o f  data.  
However, t h e  de t a i l  scheduli.ng of  these and o t h e r  
Deorbit oppor tun i t i e s  t o  EAFB and f i v e  contingency landing sites (crossrange 
less than or equal to 690 n. mi.) are shown i n  table V. 
tables for  OMS-3 and OMS-4 are provided i n  t a b l e  V I .  
w i t h  majcr events  noted are shown i n  f i g u r e  1 .  Ground 3pace f l igh t  Tracking and 
Detailed maneuver 
The f l i g h t  groundtracks 
3 
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Data Network (GSTDN) coverage, day l igh t /da rkness ,  Orbiter groundt rack ,  and beta 
angle dat?  are shown i n  f i g u r e  2. F l i g h t  a c t i v i t i e s  are no t  shown i n  t h i s  fig- 
u r e  s i n c e  the crew a c t i v i t y  p lan  ( t o  be publ ished by t h e  CTPD i n  October 1980) 
is t h e  o f f i c i a l  source  for  these  types  of data. 
Detailed t a b u l a r  t r a j e c t o r y  and GSTDN data with masking ( supe r  t a p e  p r i n t o u t )  
are provided i n  appendix A ( to  be publ ished s e p a r a t e l y  i n  J u l y  1980). 
t r a j e c t o r y  and a t t i t u d e  d a t a  are provided i n  appendix B ( t o  be publ i shed  i n  
October 1980 1. 
Detailed 
2.3 DESCENT 
The deorb i t  maneuver is i n i t i a t e d  a t  53 hours  30 minutes  44 seconds GET dur ing  
the  36th o r b i t ,  wi th  subsequent l and ing  on runway 23 a t  EAFB a t  10:21 local 
time. 
b ina t ion  of p redeorb i t  and pos tdeorb i t  tracking and communication. A backup 
d e o r b i t  oppor tuni ty  occurs  dur ing  the  37 t h  orbi t  wi th  degraded p o s t d e o r b i t  track- 
i n g  and communication and wi th  no coverage du r ing  t h e  last  o rb i t  through the  
Ascension t r a c k i n g  s ta t im.  
The 36th  o r b i t  was selected f o r  d e o r b i t  because it provides  the best com- 
The d e o r b i t  maneuver is normally performed us ing  two OMS engines ;  howeve-, 
deorbit t a r g e t i n g  and OMS p r o p e l l a n t  l oad ing  provide  the c a p a b i l i t y  t o  d e o r b i t  
w i th  e i ther  one OMS engine o r  RLA engines  us ing  OMS p r o p e l l a n t  and achieve  the  
nominal e n t r y  cond i t ions .  I n  a d d i t i o n ,  s u f f i c i e n t  09s and RCS p r o p e l l a n t  is 
loaded and budgeted t o  provide a d e o r b i t  c a p a b i l i t y  wi th  a minimum d e o r b i t  veloc-  
i t y  increment t h a t  achie-?es e n t r y  i n t e r f a c e  (EI) cond i t ions  s a t i s f a c t o r y  f o r  
a tmospheric  cap tu re  and a safe e n t r y  f o r  a systems f a i l u r e  t h a t  p reven t s  use  o f  
p rope l l an t  from one set of  OMS p r o p e l l a n t  tanks. 
Th i s  OMS loading  makes it necessary  t o  use excess  OMS p r o p e l l a n t  f o r  nominal 
deorbit t o  achieve  t h e  des i r ed  e n t r y  l o n g i t u d i n a l  cen ter -of -gravi ty  (c.g.1 posi-  
t i o n  of 66.7 pe rcen t  a t  Mach = 3.0. This  p r o p e l l a n t  was t ing  is accomplished by 
an out-of-plane deorbit maneuver component r e s u l t i n g  i n  a total  d e o r b i t  v e l o c i t y  
increment (delta-V) o f  299.1 f p s ,  with d t h r u s t  d u r a t i o n  of 2 minutes  35 seconds 
and a 25-minute 35-second free-fall time between t h r u s t  t e rmina t ion  and E I .  Nom- 
i n a l  cond i t ions  a t  E 1  of 400 000 feet a l t i t u d e  are 4352 n.  m i .  
25 750 f p s  i n e r t i a l  v e l o c i t y ,  and -1.2O i n e r t i a l  f l i g h t p a t h  a n s l e ,  wit., an  O r b i t e r  
weight of 196 288 pounds. 
range-to-go, 
A 400 angle  of a t t a c k  is maintained dur ing  the  e a r l y  p a r t  of  a mospheric descen t  
t o  minimize the aerodynamic hea t ing  environment. 
maintained u n t i l  the  aerodynamic h e a t i n g  is reduced to  a r e l a t i v e l y  low l z v e l  
w i t h  p i t chove r  t o  a lower ang le  of  attack beginning a t  an  E a r t h - r e l a t i v e  speed 
o f  14 500 fps .  T h i s  p i tchover  cont inues  u n t i l  an ang le  of  a t t a c k  of  14.0° is 
reached a+ the  en t ry / t e rmina l  area energy management (TAEM) i n t e r f a c e  a t  2500 
f p s  E a r t h - r e l a t i v e  speed. The nominal e n t r y  p r o f i l e  r e s u l t s  i n  a maximum su r -  
face temperature  of  26830 F on t h e  r e in fo rced  carbon carbon material, w i t h  t he  
most c r i t i ca l  l o c a t i o n  being on t h e  w i n g  leading edge. 
mum re fe rence  hea t ing  rate on t h i s  t r a j e c t o r y  is 54 522 B t u / f t 2  and 61.2 
B t u / f t 2 / s e c ,  r e s p e c t i v e l y .  
Th i s  ang le  of a t t a c k  is 
The heat load and maxi- 
4 
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A t  entry/TAEM in te r f ace  (2500 f p s  r e l a t i v e  ve loc i ty ) ,  the  dynamic pressure is 
210 psf a t  an a t t i t u d e  of 84 200 feet and range-to-gc of 59.7 n. mi,, which pro- 
v ides  adequate maneuverability margins t o  accommodate worst case error sources  
f o r  achieving approach-and-landing in t e r f ace .  
duce a dynamic pressure p r o f i l e ,  which is reduced t o  162 psf Rear Mach 1 t o  
achieve an angle-of-attack cor r idor  t h a t  w i l l  avoid the C y @  dynamic s t a b i l i t y  
boundary on a 3-sigma basis. 
gion t o  the  265 psf required at approach-and-landing in t e r f ace ,  which provides  
a low angle-of-attack p r o f i l e  t o  minimize the  effects of r o l l o f f  and noses l ice  
tendencies and buffet  onset i n  t h e  t ransonic  area. 
The TAEM p r o f i l e  is shaped t o  pro- 
The dynamic pressure is ramped i n  the subsonic re- 
The approach-and-landing phase was simulated with two modifications t o  t h e  FSSR 
autoland guidance, referred t o  as the Ames mods. 
a 20° outer  g l ides lope  followed by a preflare maneuver t o  a 1.50 inner  
gl ideslope.  
provide speedbrake settings t h a t  can account i'or d i spers ions  and t o  provide 
enough energy fo r  5 seconds of f l i g h t  on the  inner  g l ides lope  and an energy re- 
serve  a t  touchdown corresponding t o  a t  l e a s t  4 seconds of f l igh t  time. 
f lare  maneuver is designed t o  r e s u l t  i n  normal acce le ra t ions  less than 1.5g's. 
Following a f i n a l  flare maneuver, touchdown occurs h t  188 knots  equivalent  a i r -  
speed wi th  a 1.5-fps descent rate. The landing gear deployment starts when the  
equivalent  airspeed decreases through 270 knots ,  
of 7.5 seconds w a s  used and resu l ted  i n  the  gear being down-and-locked 11 sec- 
onds p r i o r  t o  touchdown. 
The basic geometry cons i s t s  of 
A dynamic pressure of 265 psf  is used on the outer  gl-deslope t o  
The pre- 
A nominal gem- deployment time 
3.0 ASSESSMENT OF FLIGHT REQUIREMENTS COMPLETION 
The STS-1 f l i g h t  p r o f i l e  presented i n  t h i s  document was developed t o  sat isfy the  
tes ts  specified i n  the  f l i g h t  requirements document f o r  STS-1 (ref. 4 ) .  It is 
rea l i zed  t h a t  only t h e  subsystem manager or  i n i t i a t o r  of a test can give a r 
plete evaluation. However, assuming t h a t  the  data co l l ec t ion  spec i f ied  i n  
var ious DTO's  can be satisfied,  then a11 the  STS-1 tests can be accomplishA 
with the cur ren t  p ro f i l e .  
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TABLE I.- STS-1 OFP DOCUMENT PUBLICATION SCHEDULE 
Document Scheduled distribution date 
Volume I - Groundrules and Constraints 
Volume I1 - Profile Summary 
Volume 111 - Detailed Ascent Profile 
Volume I V  - Onorbit Profile 
Volume V - Detailed Deorbit-Through- 
Landing Profile 
Volume V I  - Abort Analysis 
Volume VI1 - OMS and RCS Analysis 
Volume VI11 - Nonpropulsive Consumables 
Analyses 
~~ 
July 1980 
August 1980 
TBD 
July 1980 
TBD 
TBD 
July 1980 
TBD 
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TABLE 11.- SEQUENCE OY EbBNTS 
CMT of STS-1 Launch: November 30, 1980 11:5C.:OO 
Inclination = 40.3 Node S h i f t  = 0 
O r b i t a l  A l t i t u d e  = 150/150 Nau t i ca l  Miles 
Mission e l a sped  
Event time, hr:min:sec - Comments - 
SRB i g n i t i o n  o:oo:oo 
L i f t - o f f  0 :00:00.3 
P i  tchover 0 :00 :OS 
bkx q 0:00:53 
SRB s e p a r a t i o n  0:02:12 
E CO 
OMS-1 i g n i t i o n  
0 :08:32 
0: 10:32 
OMS-1 c u t o f f  0: 12:22 
OMS-2 i g n i t i o n  0:45:52 
m-2 c u t o f f  0 : 47 : 22 
OMS-3 i gn i t i on  30 :59 : 50 
OMS-3 c u t o f f  31 :oo: 1 1  
OMS-4 i g n i t i o n  31:29:50 
OMS-4 c u t o f f  31:30: 10 
Deorbi? i g n i t i o n  53 : 30 : 4 4  
Deorbit c u t o f f  5 3 : 3 3 :  19 
Entry i n t e r f a c e  
TAEM 
53:58:54 
S4:24 :00 
Land ing 54:31:00 
'Orbi t  = 57/151 
O r b i t  = 150/150 
(Out of  p l a n e )  
O r b i t  = 144/150 
(Out of p l a n e )  
O r b i t  = 1491'150 
Reference to s p h e r i c a l  Earth-Lissuiiiing e q u a t o r i a l  r a d i u s .  
8 
m 
c3 .. 
R .. bD c a  
I O 0  
bD 
C Q )  
I O Q  
444 
0-+& 
w 
o m  - 
I m a  
c a s  
. . m - - - .  
C 
c 
V Q )  
C L )  
4 
2 3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: w 
0 
c, 
4 
2 
C 
d 
6 
t .c 
C 
0 
4 
c, 
L 
2 
'0 
.. 
. 
m 
3 
0 
'0 
C 
4 
3 
s 
0 
C 
3 m 
4 
0 
c, 
8 
4 
LO 
80FM40 : IV 
TABLE V.- DEORBIT OPPORTUNITIES 
(Crossrange 5 690 n.  m i . )  
(a) EAFB 
Deorbit 
orbit 
2 
3 
4 
5 
6 
17 
18 
19 
20 
21 
22 
33 
34 
35 
36 
37 
49 
50 
51 
52 
53 
Crossrange, 
n. m i . *  
129 N 
248 S 
317 S 
66 S 
459 N 
515 N 
30 S 
308 S 
266 S 
86 N 
687 N 
305 N 
158 s 
330 S 
179 S 
266 N 
119 N 
252 S 
315 S 
58 S 
472 N 
GET 
deorbit , 
hr:min 
2: 17 
3:52 
5:27 
7:02 
8:37 
24 : 46 
26 : 26 
27 : 55 
29 : 30 
31 :05 
32:40 
48 : 48 
50:23 
51 :58 
53:31 
55 : 07 
72:51 
74 : 25 
76 : 00 
77 : 35 
79: 10 
GET entry 
Interface, 
hr : min 
2:47 
4:22 
5:57 
7:32 
9:07 
25: 16 
26 : 50 
28 : 25 
30 : 00 
31 :35 
33: 10 
49: 18 
50 : 53 
52 : 28 
54 :01 
55 : 37 
73:21 
74:55 
76 : 30 
78 : 05 
79 : 40 
GET 
landing , 
hr:min 
3: 17 
4:52 
6:27 
8:02 
9:37 
25 : 46 
n:20 
28 : 55 
30 : 30 
32 : 05 
33:40 
49 : 48 
51 :23 
52 : 58 
54:31 
56:07 
73:51 
75:25 
77 : 00 
78 : 35 
80:lO 
CSTDN 
coverage 
(deorbit * E11 
ORR 
ORR 
GWM 
ORR 
ORR 
-- 
-- 
-- -- 
GWM 
ORR 
ORR 
GWM 
GWM 
ORR 
OAR 
GWM 
-- 
-- 
-- 
-- 
*NOTE: "Nw 
s i te  and "S" means Orbiter must fly south of groundtrack to reach 
landing si te .  
means Orbiter must fly north of groundtrack to reach landing 
1 1  
80FM40 : IV 
TABLE V.- Continued 
Crossrange 5 690 n. mi. ) 
(b) KSC 
Deorbit 
orbit 
1 
3 
4 
5 
15 
16 
17 
19 
20 
31 
32 
33 
34 
35 
36 
4? 
48 
50 
51 
52 
~ 
Crossrange, 
n. mi.*  
503 S 
569 S 
104 S 
596 N 
191 s 
613 S 
443 s 
112 N 
230 N 
367 S 
604 S 
654 S 
283 S 
352 N 
1 N  
511 S 
563 S 
92 S 
612 N 
480 N 
GET 
deorbit , 
hr : min 
0:50 
4:Ol 
5:36 
7:lO 
21 :43 
23: 17 
24:53 
28:03 
29:38 
45 : 45 
47 : 20 
48 : 55 
50:31 
52 : 06 
53:41 
69 : 48 
71 :23 
74 : 34 
76 :09 
77:43 
GET entry 
interface, 
hr : min 
1 :20 
4:31 
6:06 
7:40 
22:13 
23:47 
25 :23 
28 : 33 
30 : 08 
46: 15 
47 :50 
49 : 25 
51 :01 
52:36 
54:11 
70: 18 
71 :53 
75 :04 
76 : 39 
78: 13 
GET 
landing, 
hr:min 
1 :50 
5:Ol 
6:36 
22:43 
24:17 
25:53 
29 :03 
30 : 38 
46 : 45 
49 : 55 
51 :31 
53 : 06 
54:41 
70 : 48 
72:23 
75 : 34 
77 :09 
78:43 
a:io 
4s 90 
GSTDN 
coverage 
(deorbit + EI) 
ORR 
H A W  
GWM 
ORR 
ORR 
ORR 
H A W  
ORR 
ORR 
ORR 
HAW 
HAW 
GWM 
ORR 
ORB 
ORR 
G W  
-- 
-- 
-- 
*NOTE: "NW means Orbiter must f l y  north of' groundtrack to reach landing 
s i te  and "SW means Orbiter must f l y  south of groundtrack to reach 
landin& s i te .  
12 
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TABLE V.- Continued 
[Crossrange 5 690 n. mi.) 
(c) Northrup Strip 
Deorbit 
orbit 
1 
2 
3 
4 
5 
17 
18 
19 
20 
21 
32 
33 
34 
35 
36 
37 
48 
49 
50 
51 
52 
Crossrange, 
n. mi.* 
312 N 
208 S 
443 s 
347 s 
61 N 
108 N 
323 S 
448 S 
240 S 
258 N 
526 N 
69 S 
403 S 
414 S 
100 s 
480 N 
300 N 
215 S 
444 s 
342 S 
72 N 
GET 
deorbit , 
hr : min 
0:45 
2: 19 
3:55 
5:30 
7:05 
24 : 47 
26 : 22 
27 : 57 
29:33 
31 :07 
47:16 
48 : 50 
50 : 25 
52 : 00 
53 : 35 
55: 10 
71 : 18 
72:53 
74 :28 
76:03 
77 : 38 
GET entry 
interface, 
hr : min 
1:15 
2:49 
4:25 
6:OO 
7:35 
25: 17 
26:52 
28 : 27 
30 :03 
31 :37 
47 : 46 
49 : 20 
50 : 55 
52 : 30 
54 :05 
55 : 40 
71 :48 
73 : 23 
74 :58 
76 : 33 
78 :08 
GET 
landing, 
hr : min 
1 :45 
3: 19 
4:55 
6:30 
8:05 
25 : 47 
27 :22 
28 : 57 
30:33 
32 : 07 
48:16 
49 : 50 
51 :25 
53:OO 
54 : 35 
56: 10 
72:18 
73:53 
75:28 
77:03 
78 : 38 
CSTDN 
coverage 
(deorbit + E I )  
ORR 
ORR 
ORR 
GWM 
ORR 
ORR 
_- 
_- -- 
GWM 
ORR 
ORR 
ORR 
H A W  
GWM 
GWM 
ORR 
ORR 
ORR 
GWM 
-- 
*NOTE: !INtt 
site and "S" means Orbiter must f l y  south of groundtrack to reach 
landing s i te .  
means Orbiter must f l y  north of groundtrack to reach landing 
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TABLE V.- Continued 
(Crossrange 2 690 n. mi.) 
(d) Hickam 
~ 
Deorbit 
orbit 
3 
8 
18 
19 
23 
24 
34 
35 
39 
40 
50 
51 
54 
55 
Crossrange, 
n. mi.* 
94 s 
22 s 
440 N 
341 S 
492 S 
250 N 
150 N 
563 S 
261 S 
538 N 
109 s 
756 S 
684 S 
7 s  
GE3 
deorbit , 
hr : min 
3:42 
11:40 
26: 10 
27 : 45 
34 : 08 
35 : 43 
50:13 
51:48 
58: 1 1  
59 : 45 
74:16 
75:51 
80 : 38 
82: 13 
GET entry 
interface, 
hr : min 
4: 12 
12: 10 
26 : 40 
28: 15 
34 : 38 
36: 13 
50:43 
52: 18 
58:41 
60: 15 
74:46 
76:21 
81 :08 
82 : 43 
GET 
landing, 
hr : min 
4:42 
12:40 
27:lO 
28 : 45 
35 : 08 
36:43 
51 :13 
52 : 48 
59:ll 
60 : 45 
75:16 
76:51 
81 :38 
83: 13 
GSTDN 
coverage 
(deorbit * EI) 
ORR 
10s 
CRR 
10s 
10s 
ORR 
10s 
10s 
ORR 
10s 
10s 
-- 
-- 
-- 
*NOTE: ItN" 
site and nS1t means Orbiter must fly south of groundtrack to reach 
landing site. 
means Orbiter must fly north of groundtrack to reach landing 
14 
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TABLE V . -  Continued 
(Crossrange 5 690 n. mi. 
(e )  Kadena 
Deorbit 
orbit 
6 
7 
10 
1 1  
22 
23 
26 
27 
37 
38 
39 
41 
42 
43 
53 
54 
Crossrange, 
n. mi.* 
323 N 
348 S 
536 S 
51 N 
72 N 
522 S 
365 S 
299 N 
576 N 
663 S 
667 S 
163 S 
567 N 
308 N 
359 s 
156 s 
GET 
deorbit , 
hr:min 
8: 12 
9:47 
14:33 
16:08 
32:15 
33 : 50 
38 : 36 
40:ll 
54 : 43 
56: 17 
57:53 
61 :04 
62:39 
64: 13 
78 : 45 
80 : 20 
GET entry 
interface, 
hr:min 
8:42 
10: 17 
15:03 
16:38 
32:45 
34 : 20 
39 :06 
40:41 
55: 13 
56 : 47 
58:23 
61 :34 
63:09 
64 : 43 
79:15 
80 : 50 
GET 
landing, 
hr:min 
9: 12 
10:47 
15:33 
17:08 
33: 15 
34 : 50 
39 : 36 
41:ll 
55:43 
57: 17 
58:53 
62 : 04 
63:39 
65: 13 
79:45 
81 :20 
GSTDN 
coverage 
(deorbit -t EI) -
-- -- 
ACN 
ACN 
10s 
ACN 
ACN 
-- 
-- 
-0 
10s 
ACN 
ACN 
-- 
-0 -- 
*NOTE: "N" 
s i te  and l'Sn 
landing s i te .  
means Orbiter must f ly  north of groundtrack to reach landing 
means Orbiter must fly south of groundtrack to reach 
15 
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TABLE V.- Concluded 
( xossrange 5 690 n. m i .  ) 
( f )  Rota 
Deorbi t 
orbit 
1 
13 
14 
15 
16 
17 
28 
29 
30 
31 
32 
44 
45 
46 
47 
48 
Crossrange, 
n. m i . *  
454 N 
129 N 
192 S 
110 N 
668 N 
479 N 
10 s 
223 S 
122 s 
274 N 
286 N 
116 S 
224 S 
466 N 
185 s 
18 s 
GET 
deorbit , 
hr : min 
1 :05 
18 : 49 
20 : 24 
21 :58 
23 : 34 
25 : 08 
41 : 17 
42 : 52 
44 : 27 
46 : 02 
47 : 36 
65 : 20 
66:54 
68 : 29 
70 :04 
71:39 
GET entry 
interface, 
hr : lain 
1:35 
19: 19 
20 :54 
22 : 28 
24 :04 
25 : 38 
41 :47 
43:22 
44:57 
46 : 32 
48 :06 
65 : 50 
67 :24 
68 : 59 
70 :34 
72 : 09 
GET 
landing, 
hr : min 
2:05 
19:49 
21 :24 
22 : 58 
24 : 34 
26 :08 
42: 17 
43 : 52 
45 : 27 
47 : 02 
48 : 36 
66 : 20 
67:54 
69 : 29 
71 :04 
72:39 
GSTDN 
coverage 
(deorbit + E I )  
-- 
Q U I  
MIL/BDA 
MIL 
GDS 
AGO 
Q U I  
Q U I  
MILIBDA 
MIL /BDA 
AGO 
QUI 
Q U I  
MIL /BDA 
MIL /BDA 
*NOTE: "N" 
si te  and "S" 
landing s i te .  
means Orbiter must f l y  north of groundtrack to reach landing 
means Orbiter must f l y  south of groundtrack to reach 
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F l g u n  2.- Concluded. 
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APPENDIX A 
ONORBIT TRAJECTORY DATA (SUPER TAPE) 
(To be published in July 1980) 
A- 1 
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APPENDIX B 
ONORBIT TRAJECTORY AND ATTITUDE DATA 
( T o  be published i i l  October 198Oj 
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